Background: Grip strength is a convenient method to measure muscle strength. Recently, relative handgrip strength (HGS) was recommended as a clinical predictor of metabolic health and disease, such as dyslipidemia, which is considered a risk factor for cardiovascular disease. The purpose of this study was to characterize the association between relative HGS and dyslipidemia. Methods: We included 6,027 adults (2,934 men, 3,093 women) aged 30-69 years who participated in the Korea National Health and Nutrition Examination Survey in 2014 and 2015. Relative HGS was obtained by dividing the HGS by body mass index. Complex sampling analysis was conducted to compare the general characteristics of participants according to the quartiles of relative HGS. Logistic regression analysis was used to examine the association between quartiles of relative HGS and dyslipidemia. Results: After adjustment for age, prevalence of diabetes mellitus, prevalence of hypertension, alcohol consumption, smoking status, exercise, income, and education level, relative HGS was inversely associated with dyslipidemia in both men and women. In multivariable logistic regression analysis, the odds ratios (95% confidence intervals) for dyslipidemia in quartiles 1, 2, and 3 relative to quartile 4 were 1.36 (1.00-1.83), 1.29 (0.98-1.70), 1.23 (0.95-1.
INTRODUCTION
Cardiovascular deaths account for 31% of annual global deaths. 1) In Korea, cardiovascular disease was the second leading cause of death in 2016. 2) Dyslipidemia is a major risk factor for cardiovascular disease.
The prevalence of dyslipidemia in Korean adults aged 30 years or older was 47.8% (57.6% for men and 38.3% for women) in 2013, and the prevalence increases with age. 3) The most common risk factors for cardiovascular disease in men were hypertension, smoking, dyslipidemia, and diabetes, and the combined risk for cardiovascular disease in the presence of all four risk factors was 64%. The most common risk factors for cardiovascular disease in women were hypertension, dyslipidemia, diabetes, and smoking. 4) For these reasons, dyslipidemia is a common and important health problem from the perspective of cardiovascular disease prevention in Korea.
Handgrip strength (HGS) is a useful predictor of muscle mass and strength that is convenient and simple to measure. 5, 6) In several studies, low HGS has been associated with metabolic diseases, cardiovascular disease, and mortality. [7] [8] [9] One study reported that sarcopenia was associated with the presence of cardiovascular disease independent of other cardiovascular risk factors after adjusting for renal function and medications in Korean elders. 10) There is also evidence that grip strength is inversely associated with all-cause mortality, cardiovascular mortality, and cardiovascular disease. 11) The relationship between grip strength and the metabolic syndrome has also been examined in many studies, with conflicting results. In a cross-sectional study of 2,677 adults in the United Kingdom, lower HGS was associated with higher triglycerides (TG), blood pressure (BP), and insulin resistance after adjusting for age, weight, and health behavior. 9) In a cross-sectional study of 5,014 Korean adults, the group with metabolic syndrome had a higher HGS than the group without metabolic syndrome. 12) Grip strength is known to be affected by weight, height, and body mass, and has a positive correlation with body mass index (BMI). 13) There is no standardized grip strength index, but previous studies have used relative HGS, which is calculated as absolute HGS divided by BMI. In recent studies on muscle health, the use of relative HGS adjusted for BMI has been recommended. Relative to absolute HGS, relative HGS has stronger associations with metabolic syndrome and its component parameters, including high-density lipoprotein cholesterol (HDLC), TG, fasting glucose, and BP. 12) In addition, previous reports have shown that relative HGS is negatively associated with cardiometabolic risk 14, 15) and predicts cardiovascular and all-cause mortality among middle-aged and elderly people. 16) This study aimed to evaluate the association between relative HGS and dyslipidemia, and to investigate the hypothesis that low relative HGS is associated with dyslipidemia.
METHODS

Study Population
We analyzed data from the second and third years of the Korea Na- 
Measurement of Handgrip Strength
A digital grip strength dynamometer (Model TKK 5401; Takei Scientific Instruments Co. Ltd., Tokyo, Japan) was used to measure grip strength.
The grip strength measurement was performed in a standing position with the arm extended. The middle finger was held at 90° to the handle and measured while exhaling. The maximal hold time of the dynamometer was 3 seconds, and each hand was tested 3 times. Absolute HGS was calculated as the average of the three measurements of the dominant hand. Relative HGS was defined as the absolute HGS divided by BMI.
Definition of Dyslipidemia
A health questionnaire confirmed the use of medication for dyslipidemia. After at least 8 hours of fasting, blood samples were collected and analyzed within 24 hours. The Hitachi Automatic Analyzer 7600-210 (Hitachi, Tokyo, Japan) was used to measure total cholesterol (TC), HDLC, TG, and low-density lipoprotein cholesterol (LDLC) levels. According to the "2015 Korean guidelines for management of dyslipidemia, " published by The Korean Society of Lipidology and Atherosclerosis, dyslipidemia was defined as having one of the following criteria: currently under medication for dyslipidemia, TC ≥240 mg/dL, HDLC <40 mg/dL, TG ≥200 mg/dL, and LDLC ≥160 mg/dL. 17) 
Data Collection
A self-administrated health questionnaire was used to collect information on age, sex, pharmacologic treatment for diabetes mellitus and hypertension, alcohol consumption, smoking status, aerobic exercise, family income, and education level. Anthropometric variables such as height (cm), weight (kg), and waist circumference (WC, cm) were measured by a trained health technician following the standardized procedure. BMI was calculated as weight in kg divided by height in meters squared (m 2 ). BP measurements were obtained from the right arm using a standard mercury sphygmomanometer (Baumanometer, Copiague, NY, USA). The average systolic BP (SBP) and diastolic BP (DBP) were obtained by calculating the mean of the second and third measurements after measuring the participant's BP 3 times at 5-minute intervals. Venous blood samples were obtained after an 8-hour minimum overnight fast. The level of fasting blood glucose (FBG) was measured using the Hitachi Automatic Analyzer 7600-210 (Hitachi, Tokyo, Japan). Glycated hemoglobin (HbA1c) values were measured using a G8 high-performance liquid chromatography analyzer (Tosoh, Tokyo, Japan).
Assessment of Covariates
For the purposes of calculating prevalence, diabetes mellitus was de- Family income was divided into quartiles for analysis (<25th, 25-50th, 50-75th, and >75th percentile values), while education level was divided into categories including: elementary school or less, graduated from middle school, graduated from high school, and graduated from college or higher.
Statistical Analysis
In KNHANES, the sampling results were weighted to provide a nationally representative prevalence estimate within the Korean population.
The weights were calculated by accounting for the complex survey design, survey non-response, and post-stratification. The statistical analysis accounted for the complex sampling design of the KNHANES to minimize selection errors; the estimates reported in this study were obtained based on the primary sampling unit, stratification variables, and sampling weights. The analysis was adjusted for survey year to minimize the variations between survey years. 18, 19) Statistical analysis was performed with IBM SPSS ver. 21.0 (IBM 
DISCUSSION
This study examined the relationship between relative HGS and dyslipidemia using a nationwide survey of Korean adults. The results
showed that there was a significant inverse association between relative HGS and dyslipidemia in both men and women. In this study, relative HGS was significantly inversely related to cardiovascular risk factors, particularly low HDL, aging, and hypertension. The prevalence of hypertension was higher in the group with lower relative HGS than in the group with the highest relative HGS. Diabetes mellitus also exhibited a negative relationship with relative HGS. The prevalence of diabetes was higher in the lowest group than in the highest group. spectively. After adjustment for BMI, grip strength was no longer associated with HDLC and TG levels. 20) In contrast, our study used relative HGS, a BMI-adjusted index, and the results were statistically signifi-cant. Some previous studies reported that absolute HGS was associated with metabolic syndrome, including abnormal lipid metabolism. A previous study conducted in UK adults demonstrated that lower HGS was associated with higher TG levels, BP, and WC, but not with lower HDLC and higher FBG levels. 9) In a study of Japanese adults aged 65 years and older, a correlation was observed between HGS and metabolic syndrome. In the study's analysis of HGS and each component of the metabolic syndrome, abdominal obesity was a primary contributor to the occurrence of metabolic syndrome, while the other components (high TG levels, low HDLC levels, high FPG levels, and high BP)
did not contribute to the occurrence of this condition. 21) In summary, the reported relationship between absolute HGS and lipid profiles differed between studies.
Recent studies investigated the association between relative HGS and metabolic syndrome. A study conducted among American adults showed that higher relative HGS was significantly associated with favorable HDLC, TG, FBG, and SBP levels, but not with LDLC level. 14) In
China, using multivariable regression, relative HGS showed a favor- It is noteworthy that our findings indicate an inverse relationship between grip strength and dyslipidemia. In men, there was an inverse relationship between relative HGS and low HDL. In women, there was a negative association between relative HGS and low HDL, high TG, and high LDL. After adjusting for various covariates, we found that low grip strength and dyslipidemia were significantly correlated in women, and the same tendency was observed in men. However, further studies are needed to determine the effect of muscle strength on blood cholesterol and TG. The development of dyslipidemia is known to be Values are presented as odd ratios (95% confidence interval) from the logistic regression models. Model 1 was unadjusted. Model 2 was adjusted for age. Model 3 was adjusted for age, prevalence of diabetes mellitus, prevalence of hypertension, alcohol consumption, smoking status, aerobic exercise, family income, and education level. Additionally, model 3 in women was adjusted for menopause. OR, odd ratio; CI, confidence interval.
influenced by many factors, including obesity, alcohol consumption, high carbohydrate diet, estrogen, and heredity. When considering these factors, the difference between men and women in this study can be explained by differences in sex hormones 23, 24) and drinking behavior ( Table 1 ). 12, 15, 22) The results of our study are consistent with this previous research. On the other hand, the relationship between absolute muscle strength and dyslipidemia remains controversial. 12, 20) Although the results were not shown, absolute grip strength was not significantly associated with dyslipidemia in this study. There is no standardized method for evaluating grip strength. However, we have found that relative HGS is a more significant indicator than absolute grip strength when assessing cardiometabolic risk factors, including dyslipidemia.
This study had some limitations. Because the study was cross-sectional in nature, longitudinal analyses are still necessary to support conclusions about the effect of grip strength on cardiometabolic risk factors. Additionally, the evaluation of muscle strength was only based on the measurement of grip strength; greater muscle strength generally may not equate to improved muscular health or efficiency. Grip strength is also known to be greatly affected by age; although we adjusted for age in our analyses, it would also be useful to perform analyses that are stratified by age in future research. Because data regarding the ingredients of the drugs taken by participants were not obtained, we could not consider the effect of drugs such as statins on muscles.
Finally, confounding factors such as a high carbohydrate diet and a family history of dyslipidemia were not considered.
This study also had several strengths. To consider the effect of BMI on grip strength, we used relative HGS. To our knowledge, this is the first study to examine associations between relative grip strength and dyslipidemia among a nationally representative sample from Korean adults who participated in the Korea National Health and Nutrition Examination Survey (KNHANES) VI 2014-2015. We also adjusted for variables, such as health behavior and socioeconomic level, that affect both grip strength and dyslipidemia, and our results suggest the possibility that relative HGS could be used as an indicator for dyslipidemia.
Additionally, we suggest that increasing muscle strength could prevent dyslipidemia and cardiovascular disease.
In conclusion, our findings suggest that greater relative HGS is associated with healthier HDLC concentrations in Korean adults. While longitudinal analyses are warranted to determine whether grip strength is an independent predictor of dyslipidemia, musclestrengthening exercise should nevertheless be considered for enhancing health outcomes.
